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ABSTRACT: 

PROBLEM TO BE SOLVED: To prevent generation of fine cracks on a device 
structure to be grown on a GaN substrate in order to improve element 
characteristic such as operation life characteristic, by growing a nitride 
semiconductor having a thermal expansion coefficient that is smaller than that 
of GaN on a GaN substrate and then forming a device structure thereon. 

SOLUTION: After a buffer layer consisting of GaN is grown on a substrate 1 1 , 
a first nitride semiconductor layer 12 consisting of undoped GaN having a 
thermal expansion coefficient smaller than that of GaN is grown and thereafter 
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a second nitride semiconductor layer 13 consisting of undoped GaN is grown. 
Thereafter, a device structure including undoped n-tvpe contact layer 1, n-type 
contact layer 2, crack preventing layer 3, n-type dad layer 4, n-type guide 
layer 5, active layer 6 of multiple quantum well structure, p-type electron 
confining layer 7, p-type guide layer 8 consisting of undoped GaN, p-type crack 
layer 9, p-type contact layer 10 and p-type electrode 20 via a second 
protection film 62 is formed. 
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[oo4i] ( pmmim ta»®7 > ijctr. i^ai<oa 



(7 

1 1 

Jgt\ Kf]#XfcTMA % TMGRVTy^-TZM 

v\ ^matfxt LTC P2 Mg (^n^y^i/'x- 
)V?7*is*7K) Mg£lxiO"/cm'F 
-T L£A 1 o. 4 G ao. b N X 93r& pSS'PSJ t&#>Jf 

7£l oo^-y^xM3-A»Kafr^$-*s. 

[0042] (pM*H Ka8)#fc. &gS:1050 
yK-TCDGaN«i;D : 5:&pS#4KJl8£0. 075 

Y-rt LxmiH^htf. pm^mistebmifrt, 10 

WMgOjfciWckO. Mg»g#5xlO> 6 /cm3i: 
&9pS£*?\ 

[0043] ( P i?77 F«9 ) <Kfc. 
T. JSfltfXfcTMA. TMGAX/Ty^-TZm^ 
T> K-TO A 1 o. l G ao. 9 N X AJ1£ 2 5 *V 

?xha-j><?>im-cm&zit. m^x. tma£± 

^WfotfXt LTCpzMg5rfflV\ Mg£5xl 
0 18 /cm3 K— rLfcGaNJ: O&SBJlSr 2 5*y 
^xhn-A<DRJim£S-£S. *LT. Z<V»ttt: 

&W5 0 0 Q*v7xvu-&<r&jm (St&fliJi) 
i 0 5r 6 pM? 5 -y KB 9 $rjfcSStf& . 
[0044] (play^^Mio) <fc£. HfilWS 

JTC. Sfl#XfcTMGXtfTV^T£fflV\ ^Ftt^ 
#Xfcl/CC P2 Mg£JH(,\ MgilXlOVcmS 

H-rLfcGaN «t i)%hpma>?? hmi o£ 1 5 
[0045] sumr®. BUBmwz&^x. vxj\ 
mzmteffltutth. r~-v>^. ^xm£»s 30 

WBtt»6K9HiU j&JJl^pfflay^hJf^BB*;: 
Si0 2 J:*)^fiiaR$-mLT. RIE (RJ6tt4 
^yx 7 fy/) £fl§nsic i4#xfc:j:Dx»/^y 
05fc^-ldfc. nliJfit^nllay 
^?hJi2^ffl$:Sa5$-frS. i«C06 (a) 
Jdfc. ftJUf^pfflny^HIlOcoiiff^tiifc. 
PVDHMtciO. Simtb&kLX. SiOO 
«kO=5r^lORgK615-0. 5jum<DliST»j£L. 

6(b) tC^-TJ: d le3&30{Rg§|6 3«&£fc. R I E 
(RHJtt'f^yx.y^y^) gBtcJ 1 ). CF4#x£ 
JflV\ SS3<7>f&giB6 3£^X?i:L-C. UljjmKDft 
aS$rx.yf-y^LT, xh^-fXKfc^. -ecoftx 
•y^->-^«fC5PILT7* M^XKD*£6fc3??-S,r 
fcKJ:9. 06 ( c ) fcJjctJdfcipfflriy?? MBl 
0O±tCXh7>f7lil. 8um0)mi<7>&m&6 1# 

[0046] SS>fc. 06 (d) Xb7 50 
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1 2 

4 TtfcoSS 1 <Dfm&6 1 4?KR I EfcJ: 0 S 

iCh^»t. pffl^y^FOlO. isitf 
Pffll^7-y K«9^x-/f-y^UT. * 1*547111. 
8 ju mco >J . y i^K<OX h 5 4 TJrJBjfct £ . U -/ i?X 
VJJT&im. -)i-AjPVDglt^*U 06 
(e) HZjrrfXo^ Zrmm (±fcl/CZr0 2 ) 
«k')&l>SB2*>«aBi6 2*. mo«S!g?6 ltf>± 
fc. x-yf-y^t«fcDSai$^plBI^7-y Kffl90± 
fcO. 5jtzmOffiiJlrS£gLT»j£-t&. ZCOXUZZ 
rmimZmm-Z t . p - nffiOl&ti* i: &fc#>i: „ 
fit*- K<9£J££0S <! U\ >>x 

-'\*7yitt$HU 06 ( f ) fc^-tJ: dfc, SB1 
maK6 1 Sr 'J 7 h jf^StcJ: oi^s-rs . 
[0047] &K06 (g) fcijcf«fcdfc. pfflny* 
? FBI 0 <0±<om 1 <OfiMSIS 6 1 #Bfc*3 ttTStU L 
fc*tf> p fflln y ^ ? h a^ffitc N i /A u i 0 =3rS p 
«ffi2 0^JgritrS. ffltpaffi2 0.il0 0jum<7)X 

6 2<0±tiSoT»jK-rS. ^2<^>fiOT6 2®j£^ 
05fc^£ii6 J: 3 fcrSffi?^ nfflny^ ? h«2<0 
^Mt«T i /A 1 <t •) n«fl|2 iZXYyJTt 

[0 04 8]ia±«J:dfc:LT. n«ffit P «ffifcS-^ 
J«L^'>X^<7)GaNS«$-»fSLTJJ0'l OOjumfc 
L<:a, xb7>fr«<7)«ffifcSjS^^|fiiT. fflgffll*- 

vf-«t^SL, mwm (ii —o oh. 7vftatt<o 
*ga<offi!niitcffl^siiD=Mffi) fctygsg^tfti-rs. 
wisiiBt s i o 2 fcT i o 2 x *)*z>wm#mm& 
jsu mtizpm&£¥ff%nftx. *-£W8iLxm 

5 t^i-J: o %\s~m=?b-t& . 3 0 

o-5 0 0»mk-$-hZkim£H\ ftt>ixrtu--*f 

-tfyr-r y^UT. SS-CW— fiai^a^. -ew 
fe*. MafciJWCL£ntt2. 5kA/cm2. L# 
V^fi«E5 VT» iag*S4 0 0 nmO^iaB*^ 

[0049] [$mm2immiizt$\*x. r>v- 
2 ezwtmmtz lx \s~~fm?£wtt?> . 

njswit.jo:^ac8tiSiKr^7-/ 
[0050] imm3]mmnza^x.ryY- 

TnSny^^MiatXSi Y—7<r>nmxlVf9Y 
«2OAia^<0it2r0. 05*^0. 2t^sg-TSffi 

[0051 3 im&m4i$mmnzt5\,vz.T>v- 

T-nSny^bJf l&tfSi K-rwnlay^^h 
^2<0AliBj£»lt5r0. 0 5*^0. 5t^fg^Sfl& 
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ii. mim l fcitAA l ffli£*>Jt#*£ <=5ro££#>l6 [0B?)f8[*5:iBHH] 

[0052] [HiS0i5] uttH i tfc wc. r> h- [02 ] xmfrttv&xmizii^xftiitihmim 

TWnSa^? MHl £A 1 Nfc U Si K-TcOn 4^«^i-^<O^i^^mWllriii0Tj>^. 

say?? mi 2 s-a i Nfc-rstenpsfc lxu— f [03 ] *mi<?>i3mcD&jMiz}5^x&t>ti&w.tt!fo 

lt*>'^^vvo-C J ^l£ H B B tt^^&^ HiHHlfcf^fc 10 ^^xwvo^^*t^W{Bra60C*>S. 

j^&^^Buh-c^ mmi tiztmmzm [05 ] 05«. *w%<^mfcmmx'bzmti& 

[0053] mimeimmitis^x. &2<og [06]06«, vviswrnxv^rtrnmh- 

imm&frm 1 3 wkis*- i 5umt u $ ^»ct7T $mmmxhhm;cn&jmiiz&vhv^<nimto 
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3 • • 




i&mm-yr^rmL^Lx^^x.mmuz 20 


4 • ■ 




it*.* t-^ffls^tt^^t^s two. stfcH 1 1 


5 • ■ 


■ nw#4 m 




6 • • 




[0054] 


7 • ■ 




[&HJ§c02&3l] *|&5J»i. GaNfflLlitJ^S-e-Sx 
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9 • • 


• pl?77Kt 
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